We study the effects on the macroeconomic equilibrium, the wealth distribution, and welfare of adverse selection in private annuity markets in a closed economy inhabited by overlapping generations of heterogeneous agents who are distinguished by their health status. If an agent's health type is private information there will be a pooling equilibrium in the private annuity market. We also study the implications for the macro-economy and welfare of a social security system with mandatory contributions that are constant across health types. These social annuities are immune to adverse selection and therefore offer a higher rate of return than private annuities do. However, they have a negative effect on the steady-state capital intensity and welfare. The positive effect of a fair pooled rate of return on a fixed part of savings and a higher return on capital in equilibrium is outweighed by the negative consequences of increased adverse selection in the private annuity market and a lower wage rate.
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Introduction
In a seminal paper, Yaari (1965) argues that in the face of life span uncertainty nonaltruistic individuals will fully annuitize their financial wealth. That is, they will invest all their savings in the annuity market, thereby insuring themselves against the risk of outliving their assets. However, empirical evidence has revealed that, despite the theoretical attractiveness of annuities, in practice people tend not to invest much in private annuity markets.
Several explanations for the low participation in annuity markets have been given in the literature. First of all, individuals may have a bequest motive, in that they wish to leave an inheritance to those they leave behind. If so, they will want to keep part of their financial assets outside the annuity market. Secondly, psychological factors may play a role. According to Cannon and Tonks (2008) , people might feel uncomfortable to "bet on a long life". Investing in annuities only seems attractive if you expect to live long enough, as most of us would hate to die before having received at least our initial outlay back in periodic payments. Third, private annuity demand may be crowded out by a system of social security benefits.
A fourth explanation is that in reality annuities may not be actuarially fair, in the sense that individuals are insufficiently compensated for their risk of dying. This may be due to administrative costs and taxes or monopoly profits as a result of imperfect competition among annuity firms. The implications for macroeconomic growth and welfare of a loading factor on annuities proportional to the mortality rate are investigated in Heijdra and Mierau (2012) . Another reason for annuity market imperfection is adverse selection. The healthier someone believes herself to be, the more likely she is to buy an annuity. As a consequence, low-mortality (and thus high-risk) individuals are overrepresented in the annuity market. Annuity firms will have to take this selection effect into account when pricing their products, as they will incur a loss if they offer a rate based on average survival probabilities in the population. The resulting higher prices (or lower return) will induce high-mortality (low-risk) individuals to invest less in the annuity market.
In this paper we abstract from bequest motives, administrative costs, and imperfect competition and focus on the adverse selection channel and the role of social annuities. Our work mainly builds on the foundations laid out by Heijdra and Reijnders (2009) . They consider a continuous-time endogenous growth model with two types of agents differing in their health status acquired at birth, which is assumed to be private information. The equilibrium in the annuity market is then characterized by risk pooling among health types which induces the unhealthy agents to drop out of the market in the last stages of their lives. This pooling equilibrium is slightly dominated in welfare terms by a hypothetical full-information equilibrium (in which each health type receives its actuarially fair rate of return).
We augment the work by Heijdra and Reijnders (2009) in several directions. First, rather than distinguishing only two types of agents, we model a continuum of health types. Second, instead of a employing a continuous-time model with endogenous growth we work with a discrete-time framework in which long-run growth is exogenously determined. This allows us to easily study what happens during the transition from one steady state to another.
Our main findings are as follows. First, we note that in the absence of private and social annuities there exist accidental bequests that must be redistributed somehow. When such bequests flow to the young, private saving is boosted as this constitutes an intergenerational transfer from dissavers to savers. In this so-called TY equilibrium the unhealthiest agents typically experience a binding borrowing constraint. Second, we demonstrate that when a private annuity market is opened up and information is perfect (the FI case), then all agents will purchase positive amounts of annuities. Third, in the more realistic case with asymmetric information (the AI scenario), the equilibrium in the market for annuities will be a pooling equilibrium in which the unhealthiest individuals face a self-imposed borrowing constraint and the other agents receive a common yield on their annuities. Fourth, both in the FI and AI cases the opening up of a private annuity market causes a 'tragedy of annuitization', as described in Heijdra et al. (2010) . Intuitively, whilst it is individually optimal for agents to invest in annuities, it is not socially optimal. Agents of all health types are in the long run worse off compared to the benchmark case in which annuities are absent and accidental bequests are redistributed to the newly arrived young (TY). Fifth, the introduction of a mandatory social annuity system, while providing a 'fairer' rate of return than the private annuity market, reduces steady-state welfare even more. It aggravates the degree of adverse selection in the private annuity market and reduces the overall level of savings in the economy.
Other papers closely related to ours are Abel (1986) , Walliser (2000) , and Palmon and Spivak (2007) . All three find that the introduction of social annuities accentuates the problem of adverse selection in the private annuity market. In Abel (1986) a two-period exogenous growth model is developed in which agents have privately known heterogenous mortality profiles and a bequest motive. Due to adverse selection, the rate of return on private annuities is less than actuarially fair. In this context, the introduction of a mandatory (demographically fair 1 ) social security system further decreases the return on annuities in the steady state. Walliser (2000) builds on the work of Abel (1986) , but calibrates his model with 75 instead of only 2 periods. The paper investigates the effects of pay-as-you-go social security benefits on private annuity demand and shows that privatization (i.e. elimination) of social security lowers the loading factor on annuities resulting from adverse selection. Finally, Palmon and Spivak (2007) argue that a modest social security system may reduce welfare in an adverse selection economy. The positive effect of providing agents with social 1 In order to avoid confusion we distinguish between individual and groupwise fairness of annuities. Following Abel (1986 Abel ( , pp. 1082 Abel ( , 1085 we deem annuities to be actually fair in an individual sense if its expected rate of return equals the rate on regular assets. We call an annuity demographically fair if its expected return based on a population average survival probability equals the return on regular assets.
annuities at an demographically fair pooling rate is outweighed by the negative impact of increased adverse selection in the private annuity market.
In contrast to our work, however, both Walliser (2000) and Palmon and Spivak (2007) focus on the features of private annuity markets in isolation and do not take general equilibrium effects into account. Moreover, the latter fail to specify what happens to accidental bequests in the absence of annuities and therefore incorrectly conclude that private annuities are always welfare improving. Abel (1986) on the other hand does model a production sector with potentially endogenous factor prices and provides signs for the responses of key economic variables following a change in the rate of contribution to the social security system. Yet he does not give any insight in the magnitude of the effect on consumer welfare, nor how it may differ among risk types. Our contribution lies in providing a consistent general equilibrium framework for studying the main aspects related to life annuitization and social security. We are able to both analytically characterize the underlying mechanisms and to quantify their relative importance through a simulation with realistic parameter values.
The remainder of this paper is structured as follows. Section 2 describes the key features of the model in terms of the decisions made by households, firms, and the government sector. In Sect. 3 we introduce private annuity markets, while Sect. 4 shows the effects on general equilibrium and welfare when mandatory social annuities are added to the model. Section 5 concludes.
Model

Consumers
The population consists of overlapping generations of finitely-lived agents who are identical in every respect except for their health type. Agents live for a maximum of two periods, termed 'youth' (superscript y) and 'old age' (o). At birth each agent learns her health status as proxied by the survival probability, μ. This is where the difference between health types comes in: unhealthy agents have a higher risk of dying, and therefore a shorter expected life span (which equals 1 + μ periods). We assume that cohorts are sufficiently large such that there is no aggregate uncertainty and probabilities and frequencies coincide. For example, the fraction of young agents of type μ who die after the first period equals exactly 1 − μ. Note that from the perspective of an individual agent, lifetime uncertainty is resolved at the start of the second period. When still alive, the agent will live for exactly one additional period.
Labour supply is exogenous. During youth the agent is fully employed while during old age labour supply is only a fraction λ of the unit time endowment as a result of mandatory retirement (0 < λ < 1). The expected lifetime utility of a representative agent of health type μ who is born in period t is given by:
where C y t (μ) and C o t+1 (μ) are consumption during youth and old age, respectively, β is a parameter capturing pure time preference (0 < β < 1), and U (·) is the felicity function:
This functional form is chosen for analytical convenience and it implies a constant intertemporal substitution elasticity, σ . We assume that the agent does not have a bequest motive such that she does not derive any utility from wealth that remains after her death. The agent's periodic budget identities are given by:
where w t is the wage rate, r t+1 is the rental rate of capital, S t (μ) is the amount saved, and Z t denotes a lump-sum income transfer received from the government during youth. Since the government cannot observe an individual's health type, the transfer is the same for everybody. All workers are equally productive so the wage rate is common to all agents. If annuity markets do not exist, agents cannot insure themselves against life span uncertainty. Their only option is to invest their savings in the capital market at a net rate of return r t+1 . Since there is a risk of dying after youth the agent may pass away before being able to consume her savings, thereby leaving an unintended bequest. It is not possible to borrow in the capital market, as the agent is not allowed to die indebted. Hence we impose the borrowing constraint S t (μ) ≥ 0. Individuals who face a binding borrowing constraint have no better option than to consume their current and future endowments.
For unconstrained agents we can combine the two budget identities to obtain the consolidated budget constraint:
That is, the present value of total consumption (left-hand side) should equal lifetime income or human wealth at birth (right-hand side). The representative agent maximizes life-time utility (1) subject to the budget constraint (5). The agent's optimal plans are fully characterized by:
where (μ, x) is the marginal propensity to consume out of lifetime wealth during youth:
We find that consumption during youth and the present value of consumption during old age are proportional to human wealth at birth. The level of savings depends positively on the total income received during youth and negatively on the discounted value of future wage income. The optimal consumption choices can be illustrated with the aid of Fig. 1 . The line labeled HBC is the household budget constraint as given in (5). It passes through the income endowment point A which is the same for all individuals. Agents wish to consume such that the marginal rate of substitution between current and future consumption is equated to the survival-adjusted gross interest rate:
For the felicity function employed in this paper, the Euler equation is a straight line from the origin with a slope that depends positively on the agents survival probability, μ. In the diagram, EE(μ h ) and EE(μ l ) denote the Euler equations for, respectively, the healthiest and unhealthiest types of agents. The former types consume at point B which is attained by saving during youth. The latter types, however, would like to consume at point C but this point is unattainable because it violates the borrowing constraint. The best such an agent can do is to consume at the income endowment point A. 2 With a continuum of health types, it thus follows that in general not all agents are net savers in the absence of annuities. In the case drawn in Fig. 1 , there exists a marginal health type μ bc,t such that EE(μ bc,t ) passes through the income endowment point A. Agents of this type optimally choose not to save anything during youth. Hence, all relatively healthy agents (μ bc,t ≤ μ ≤ μ h ) are unconstrained whereas all relatively unhealthy agents (μ l ≤ μ < μ bc,t ) are borrowing constrained and are "bunching" at the income endowment point A.
Demography
Let h (μ) denote the probability density function of health types in a given cohort upon its arrival. Then the distribution of agents in the cohort born at time t can be written as:
Fig. 1 Choices of a μ-type individual in the absence of annuities
where L t is the total size of the cohort. By definition,
is the cumulative density function. The density of μ-type agents alive at time t is given by
Assuming that newborn cohorts evolve according to L t = (1 + n) L t−1 (with n > −1) we thus find that:
The total population alive in period t is obtained by aggregating over health types:
whereμ
dμ is the average survival rate in the population as a whole.
Government
In the absence of annuity markets we have to make an assumption about how the accidental bequests left by the dead are redistributed among the agents who are still alive. We therefore introduce a government sector which collects the bequests and uses them to finance lump-sum income transfers Z t to the young. 3 The government budget constraint is given by:
That is, the total amount of accidental bequests (left-hand side) equals the sum of income transfers (right-hand side).
Production
The production side of this closed economy features a large number of perfectly competitive firms who produce a homogeneous commodity. The technology is represented by the following Cobb-Douglas production function:
where Y t is total output, 0 > 0 is an exogenously given index of general factor productivity, K t is the aggregate capital stock, and N t ≡ L t +μλL t−1 is the labour force. By defining y t ≡ Y t /N t and k t ≡ K t /N t we can write the intensive-form production function as:
Profit-maximizing behaviour of firms yields the following factor demand equations:
where δ is the constant rate of depreciation of the capital stock (0 < δ < 1). The general model without annuities is fully characterized by the following fundamental difference equation:
where φ TY 1 (r t+1 ) and φ TY 2 (r t+1 ) are given by:
Equation (19) is obtained by imposing equilibrium in the savings market and using the cohort size evolutions described in Sect. 2.2. At time t the predetermined capital (17) and (18) constitutes an implicit function determining k t+1 , r t+1 , and w t+1 . The cut-off value μ bc,t is such that S t (μ bc,t ) = 0. From these variables Z t+1 can be computed. In the steady state we have k t+1 = k t =k such that the level of output per workerŷ is constant. As a consequence, the long-run rate of economic growth over and above population growth equals zero, which is a standard result in an exogenous growth model without technological process. Throughout this paper we visualize and quantify the properties of the model by means of simulations with realistic parameter values. The main structural parameters are summarized in Table 1 . The calibration was done as follows. In step 1, we postulate plausible values for the intertemporal substitution elasticity (σ = 0.7), the efficiency parameter of capital (ε = 0.275), the annual capital depreciation rate (δ a = 0.06), the annual growth rate of the population (n a = 0.01) and choose a realistic target annual steady-state interest rate (r a = 0.05). Taken together these parameters ensure that the annual steady-state capital-output ratio isK /Ŷ = ε/ r a + δ a = 2.5. In step 2, we fix the time dimension by assuming that each period lasts for 40 years. The values for n, δ, andr follow readily from this. 4 We assume that mandatory retirement takes place at age 65, which yields the value for λ in Table 1 . Furthermore, we postulate a distribution for the probability of surviving into the second period and note that life expectancy at birth of a μ-type agent is given by 40 (1 + μ) in years. In step 3 we choose 0 such thatŷ = 1 in the initial steady state. This also pins down the steady-state values for w andk. Finally, in step 4 we solve for steady-state transfersẐ , the discount factor β, and the cut-off survival level for the borrowing constraintμ bc [satisfying S(μ bc ) = 0] such that a consistent general equilibrium solution is obtained. To interpret the resulting value for β we note that ρ a = β −1/40 − 1 = 0.0237 represents the annual rate of time preference. In view of the fact that the annual rate of interest isr a = 0.05 agents in this economy are relatively patient.
The key features of the steady-state equilibrium that is attained in the absence of private and social annuities and with accidental transfers flowing to the young (abbreviated as TY) are reported in column (a) of Table 2 . As was enforced by Here %Q j denotes the share accounted for by population quartile j of the variable directly above it. %SAS is the share owned by the social annuity system. μ j is the upper bound for μ in quartile j, i.e. H (μ j ) = j/4 for j ∈ {1, 2, 3, 4} and μ 4 = μ h . Eˆ (μ j ) gives expected utility for an agent with health type μ j the calibration procedure, output per worker is equal to unity and the steady-state interest rate is five percent on an annual basis. Steady-state transfers to the young amount toẐ = 0.1146 which is almost sixteen percent of wage income during youth. Steady-state consumption per worker by the young and surviving old are given by,
Whilst the distribution over quartiles is rather even for youth consumption, it is very skewed for old-age consumption with the healthiest quartile accounting for half of In Fig. 2 the steady-state health profiles for youth-and old-age consumption, saving, and expected utility at birth are illustrated-see the dashed lines. The horizontal segments in panels (a-c) are the realizations for the (borrowing-constrained) endowment consumers. As expected from our theoretical discussion above, for unconstrained agents youth consumption is falling in health whilst the opposite holds for old-age consumption which, like saving, is increasing in health. Interestingly, expected utility is a non-monotonic function of health. 5
Private Annuity Markets
Now consider the introduction of a private annuity market in this economy. A (life) annuity is an asset which pays a stipulated return contingent upon survival of the annuitant. In order to compete with other investment products, annuities have to provide a rate of return which exceeds the market rate of interest to compensate for the risk of death. The annuity firm is willing to pay this additional return on savings as it is held free of any obligation after the annuitant has died. Conversely, an agent who sells an actuarial note gets a life-insured loan and will have her debts acquitted when she dies prematurely. Hence, an agent who exclusively uses the annuity market for financial transactions will never die indebted or leave an (unintended) bequest.
It is important to note that an annuity market constitutes just another type of redistribution scheme. Instead of channeling funds from the dead to the newly arrived young by means of lump sum transfers as above, an annuity market redistributes money from the dead to those that survive by offering a premium over and above the rental rate of capital. Therefore, the macroeconomic and welfare effects of introducing a private annuity market are not a priori clear.
Full Information Equilibrium
We make the following assumptions about the private market for annuities:
(A1) The annuity market is perfectly competitive. There is a large number of risk neutral firms offering annuities to individuals, and firms can freely enter or exit the market. (A2) Annuity firms do not use up any real resources.
As a consequence of these assumptions the expected profit of each annuity firm is zero. We start by considering the benchmark case in which health status is public information. In the Full Information equilibrium in the annuity market (abbreviated as FI) each health type receives its actuarially fair rate of return and achieves perfect insurance against life span uncertainty. There is market segmentation in the sense that there is a separate market for each type of agent.
Let A p t (μ) denote the private annuity holdings of an agent of health type μ. As the net rate of return on annuities exceeds the rental rate of capital, all agents will completely annuitize their wealth. This is the famous result found by Yaari (1965) .
An annuity firm sells annuities to agents of health type μ that pay a net rate of return r p t+1 (μ) contingent upon survival of the annuitant. The firm invests the proceeds in the capital market, thus earning a rate of return r t+1 . Since some of its clients will die young and will subsequently lose their claim at an early stage, the annuity firm can redistribute their assets among the surviving clientele. The zero-profit conditions for the annuity market are therefore given by:
Footnote 5 continued consumption for the healthiest exceeds unity so that felicity becomes positive. Of course, the location of the slope change depends on the scaling of the variables.
(
That is, the gross return earned on the amount of savings collected from clients of health type μ in period t (left-hand side) should equal the (expected) claim originating from surviving clients of health type μ in period t + 1. It follows that:
Note that r p t+1 (μ) is decreasing in the survival probability, i.e. unhealthy agents earn a higher gross rate of return on their investments in the annuity market than do healthy agents.
Since 0 < μ l < μ h < 1 it follows that the interest rate on annuities exceeds the rate of return on capital for all agents, i.e. r p t+1 (μ) > r t+1 for all μ ∈ [μ l , μ h ]. As a result rational agents will fully annuitize their savings (as was asserted above) so that the lifetime budget constraint is given by:
Comparing the TY and FI scenarios [as described by, respectively, (5) and (22)], we find that for the latter case accidental bequests (and thus transfers from the government) are absent and the relevant return is type dependent. The consumption Euler equation for the FI case is given by:
With actuarially fair annuities and full annuitization the marginal rate of substitution between current and future consumption is equated to the gross interest factor on capital. The mortality rate does not feature in this expression because agents are fully insured against the unpleasant aspects of lifetime uncertainty. This celebrated result was first proposed by Yaari (1965) in a continuous-time model. By combining the lifetime budget constraint (22) and the Euler equation (23) we obtain the following expressions for consumption during youth, the demand for annuities, and old-age consumption: Fig. 3 Choices of a μ-type individual with perfect annuities where (μ, x) is defined in (9) above. The optimal consumption choices can be illustrated with the aid of Fig. 3 . The line labeled EE is the Euler equation (23) which is the same for all health types. In contrast, there exists a continuum of HBC(μ) lines passing though the income endowment point A. The lines labeled HBC(μ l ) and HBC(μ h ) depict the lifetime budget constraints faced by, respectively, the unhealthiest and healthiest individuals. It follows that the unhealthiest types consume at point C whilst the healthiest choose point B. Throughout the population consumption patterns are located along the line segment BC.
Under the maintained hypothesis that a non-trivial macroeconomic equilibrium exists, two qualitative conclusions can already be drawn on the basis of Fig. 3 . First, since the endowment point is type-independent, all individuals must be net savers during youth. (The opposite case with all agents being net borrowers is inconsistent with a positive capital stock in a closed-economy equilibrium.) Whereas the unhealthiest agents in the population tend to face a binding borrowing constraint in a world without annuities (see above), these same agents express a positive demand for annuities in the FI scenario because the rate they receive on such instruments in case they survive into old age is quite high [i.e. HBC(μ l ) is rather steep]. Second, just as the savings function is in the TY case, the demand for annuities in the FI scenario is increasing in health type.
The fundamental difference equation for the FI model is given by:
where φ FI 1 (r t+1 ) and φ FI 2 (r t+1 ) are defined as follows:
The existence of a well-defined macroeconomic equilibrium is confirmed by the results reported in column (b) of Table 2 . Compared to the TY case, output, the wage rate, and the capital stock are lower and the interest rate is higher under the FI scenario. The intuition behind these results is explained in Sect. 3.3 below.
In Fig. 2 the steady-state health profiles for youth and old-age consumption, annuity demand, and expected utility at birth are depicted-see the solid lines. Youth consumption, old-age consumption, and expected utility are decreasing in health whilst the opposite holds for the demand for annuities.
Asymmetric Information Equilibrium
The following assumptions are added to the ones above: Under these assumptions, the Asymmetric Information (AI) equilibrium in the annuity market is a pooling equilibrium. The existence of this pooling equilibrium depends critically on (A3): as annuity firms cannot observe their customers' health type, they will offer a single rate of return which applies to all their clients. They can exploit their knowledge about the distribution of health types in the population in setting this common annuity rate. Note that if (A4) would not hold then annuity firms could indirectly deduce an agent's health type by the amount of wealth she has invested. Healthy individuals tend to save more, which exacerbates the degree of adverse selection in the annuity market.
Our conclusion that a pooling equilibrium will prevail in the annuity market appears opposite to that of Rothschild and Stiglitz (1976) , who show that a pooling equilibrium does not exist in an insurance market. However, their result relies heavily on the assumption that customers can buy only one insurance contract such that the insurer sets both price and quantity. They admit themselves that this may be an objectionable assumption in some cases, and Walliser (2000) argues that it indeed does not apply to the annuity market. First of all, monitoring the receipts of annuity payments from other annuity firms would be very difficult. Secondly, in contrast to other types of insurance, the death of the annuitant ends the liability of the annuity firm instead of creating it. Hence, withholding payments and investigating compliance is not feasible.
We therefore believe it to be justified to assume that the annuity firm can only control the rate of return on annuities and cannot set prices and quantities simultaneously in order to obtain full information revelation.
An implicit assumption in the model is that annuitants cannot credibly signal their health status to the market. In the absence of cheap and credible medical tests, this is not a strong assumption at all. When asked about her health type, each individual has a clear incentive to claim to be unhealthy in order to get the highest possible return in a separated market. However, firms know this and will therefore not believe the annuitant's claim. Hence, even though part of their clientele tells the truth, the fact that some have an incentive to lie is enough for the annuity firm to assume that everyone will be a fraud.
We now turn to the determination of the pooled annuity rate, denoted byr p t+1 . As this rate will apply to agents of all health types it does not depend on μ. Assume that all agents with μ ∈ [μ bc,t , μ h ] purchase annuities, i.e. are net savers. Then the zero-profit condition for the annuity market is given by:
As in the case of a full-information equilibrium the gross return earned on the amount of savings collected from clients in period t (left-hand side) should equal the (expected) claim originating from surviving clients in period t + 1. It follows that:
whereμ p t denotes the asset-weighted average survival rate of annuity purchasers:
This result has also been found in a partial equilibrium context by Sheshinski (2008) and relates to the linear equilibrium concept of Pauly (1974) . As noted by Walliser (2000) , it can alternatively be interpreted as a Nash equilibrium among annuity firms in which each firm that deviates from the zero-profit price incurs a loss. The lifetime budget constraint for annuitants is given by:
wherer p t+1 is defined in (29) above. Utility maximization results in the following expression for the consumption Euler equation: 
In the AI case the marginal rate of substitution between current and future consumption is equated to the expected gross return on pooled annuities. The mortality rate still features in this expression because agents are imperfectly insured against the unpleasant aspects of lifetime uncertainty. By combining the lifetime budget constraint (31) and the Euler equation (32) we obtain the following expressions for consumption during youth, the demand for annuities, and old-age consumption:
and unhealthiest agents. Optimal consumption choices for the two types of agents are located at points B and C, respectively. But point C is unattainable because it would involve going short on annuities, i.e. selling life-insured loans. But the moment an agent attempts to do so she reveals her health type which results in the borrowing rate being set at such a high level that borrowing is unattractive. It follows that there is a binding "self-imposed" borrowing constraint, the HBC is vertical at the endowment wage w t , and all health types such that μ l ≤ μ < μ bc,t are bunching at the endowment point A. 6 For all agents featuring μ bc,t ≤ μ ≤ μ h the demand for annuities is positive and increasing in the survival probability. It thus follows from (30) no annuities case (TY). As such, a value in excess of unity indicates that the capital intensity increases relative to its benchmark scenario, when it falls short of unity there is a decrease. For lifetime utility we report the difference with the steady-state values obtained in the TY case, i.e. Table 2 presents a numerical comparison between (unscaled) steady-state values. We find that the introduction of a private annuity market boosts the capital intensity at first but gives rise to severe capital crowding out in the long run. The effects are more pronounced for the FI equilibrium than for the AI equilibrium. Agents save a larger part of their income in the first period and therefore consume less during youth and more in old age. Comparing the lifetime utility profiles we find that comparatively healthy agents prefer the AI to the FI equilibrium, and vice versa for the relatively unhealthy.
At the time the annuity market is opened up there are still accidental bequests in the economy which have been left by the previous generation. Hence, in the first period of the new regime young agents benefit from the higher return on their savings through full annuitization while also receiving the intergenerational transfer. Their expected utility level increases relative to the benchmark. However, from period t + 1 (i.e. postshock time 1) onwards the transfers are abolished and all health types have a lower utility level under either equilibrium in the private annuity market than in the absence of annuities. This is an example of the so-called 'tragedy of annuitization', as described in Heijdra et al. (2010) . Even though it is individually rational to fully annuitize (as the annuity rate of return exceeds the return on capital), this is not optimal from a social point of view. If all agents invests their financial wealth in the annuity market 
then the resulting long-run equilibrium leaves future newborns worse off compared to the case where annuities are absent and accidental bequests are redistributed to the young. In other words, the introduction of an annuity market is welfare improving when considered in isolation, but not when the general equilibrium repercussions as a result of endogenous factor prices are taken into account. As measures of utility are purely ordinal, the nominal difference in steady-state utility levels as presented in Table 2 cannot be easily interpreted. In order to evaluate the magnitude of utility differences in a more insightful way we use the metric of consumption-equivalent variations. That is, we determine how much additional consumption during youth one would have to give to an agent of a given health type in the private annuity market scenario in order to make her as well off as in the no-annuities case, keeping all prices (i.e. the wage rate and the interest rate) and old-age consumption fixed at their initial level. That is, we find that value of (μ) which satisfies the following equation:
where Eˆ TY (μ) is the steady-state benchmark utility level. The results are given in column (a) of Table 3 . We present both unscaled and scaled values for the compensation measure, i.e. π(
T Y is the steady-state youth consumption level of an agent with health type μ j in the TY scenario. For example, to ensure that the unhealthiest type of agent has the same level of utility when there is a pooled private annuity market as when there are no annuities at all one would have to give her 0.1540 in terms of youth consumption. This corresponds to 18.35 % of the consumption level she would have had in the absence of annuities. These numbers are quite significant, showing that the (negative) welfare effects of introducing a private annuity market in this economy are not inconsequential.
Social Annuities
Following Abel (1986) we now study the consequences of introducing mandatory social annuities. These can be interpreted, for example, as a fully funded pension system. Agents contribute a fixed amount A s t during their youth and receive a benefit proportional to human wealth, but the definition of human wealth has been augmented"large" social annuity system with θ = 0.03. 8 Apart from the larger range of borrowing-constrained individuals, these profiles are very similar to the ones obtained for the AI case.
Transitional Dynamics
The transition paths of the capital intensity and lifetime utility after introducing both private and social annuities in the economy (denoted by SA) are given in Figs. 5 and 6 for the case that social security contributions amount to three percent of wage income (θ = 0.03). We find that, compared to the benchmark of no annuities and transfers to the young, the capital intensity increases slightly for one period but afterwards decreases sharply. The overall effect on lifetime utility is negative for all health types, except for the impact period in which the transfers have not yet been abolished. In order to evaluate the magnitude of the relative welfare decrease in the steady state we calculate the consumption-equivalent variations for three different values of θ , see columns (b-d) in Table 3 and Sect. 3.3 above. Recall that column (a) (featuring θ = 0) corresponds to the pooling equilibrium. We find that the equivalent variations increase monotonically in θ for all health types, implying that the equilibrium becomes progressively worse in welfare terms when the contribution to the social annuity system increases. At first view this might seem somewhat counterintuitive, as social annuities offer agents a higher rate of return on a fixed part of their savings than private annuities do, keeping everything else constant. However, it is exactly this ceteris paribus condition which is misleading.
Importantly, the introduction of social annuities has two opposing effects on the rate of return on private annuities. First of all, there is a partial equilibrium effect. The mandatory investment in social annuities results in a decrease in the demand for private annuities. Unhealthy agents reduce their private annuity demand disproportionally more than healthy agents do. As a consequence, the asset share of healthy agents increases and thereby the degree of adverse selection in the private annuity market. This leads to a decrease in the rate of return on private annuities, in line with the findings of by Abel (1986) , Walliser (2000) , and Palmon and Spivak (2007) .
However, there is also a general equilibrium effect which partly offsets the decrease. The total level of savings decreases in the steady state, leading to a rise in the rental rate of capital relative to the scenario without social annuities. This response is not taken into consideration when the focus is restricted to partial equilibrium analysis or when the interest rate is assumed to be exogenously fixed.
The net effect on the private annuity rate is negative in all our simulations. Overall, we find that in the long run the negative effects of introducing social annuities (a lower wage rate and a lower return on private annuities) outweigh the positive effect (a demographically fair rate of return on a part of financial wealth) as is evident from the drop in welfare of future generations.
Conclusion
In this paper we have constructed a discrete-time general equilibrium model featuring exogenous growth and overlapping generations of heterogeneous agents who are distinguished by their health status. An agent's health type is assumed to be private information. We show that if a private annuity market is introduced in this economy then it will be characterized by a pooling equilibrium. Due to adverse selection, the resulting annuity rate of return is less than the actuarially fair pooling rate. Even though it is individually optimal to invest in annuities, agents of all health types are in the long run worse off in welfare terms compared to the case where annuities are absent and accidental bequests are redistributed to the young.
We have also studied the welfare implications of a social security system with fixed mandatory contributions for all health types. These social annuities are immune to adverse selection and therefore offer a higher rate of return than private annuities do under asymmetric information. However, they have a negative effect on steady-state welfare. The positive effect of a higher rate of return on a fixed part of savings and a higher return on capital in equilibrium is outweighed by the negative consequences of increased adverse selection in the private annuity market and a lower wage rate.
Our results suggest that privatization of social security may be welfare improving when annuity markets are characterized by asymmetric information. Elimination of social annuities reduces the degree of adverse selection in the private annuity market, increases the level of savings, and has a positive effect on lifetime utility for all health groups in the population. In general, lifetime utility of newborns is highest in the complete absence of annuities provided the redistribution scheme transfers accidental bequests to the newly arrived young agents.
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